deformations in most practical applications go beyond that limit. In addition, one has to consider elastic materials such as bitumen or cement-stone showing creep: their elastic potential gradually disappears through relaxation.
Finally, there are such materials as rubber which can be caused to undergo very large deformations, a certain part of which will always be non-recoverable.
It therefore becomes necessary to consider elasticity beyond the elastic limit.
If we define elasticity with Love as " the property of recovery of an original size and shape," there would in all these cases be no question of elasticitv because the original size and shape is not recovered. However, some of the deformation is always recovered: but which part of it is recoverable, becomes apparent only when all external forces, gravity included, have been removed.
We may denote as the ground-position that position of the body which is then reached. To every deformation there corresponds a ground-position of its own, which generally will not be the initial position from which the deformation started. Let us denote by deformation a change of size and of shape in general, whether recoverable or not, and by strain that part of it which is recovered when all external forces have been removed. Generally, the strain will differ from the deformation not only in magnitude, but also in the orientation of the principal axes.
The ground-position is accordingly an unstrained and unstressed state, but it is not an undeformed state. A general theory of elasticity, then, has to relate the strain as now defined to (i) the stress produced by it and (ii) the 434 M.
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external forces necessary to equilibrate the stresses in the body in accordance with d'Alembert's principle; while the classical theory of the " state of ease " refers to the special case when the strain is identical with the deformation.
The considerations of the present paper are, however, also applicable in the latter case. Weissenberg (1946) pointed out) any function of the elongation ratios (Xi) in the direction of the main axes choosing the function to suit the particular field of investigation."
One would, naturally, require that all these functions are reduced for infinitesimal strain to the Cauchy measure At -1. This is the case with the Kirchoff-measure which is based upon 1 [ (X ) 2 -1] and the Murnaghanmeasure based upon 1 -(1l) 2]; it is also so with the measure In (xe) =-In (l,) originally proposed by Roentgen for rubber and, since systematically introduced by Hencky, now widely in use. We may also mention the measure (AX -l) proposed by Wall. All these measures comply also with a second requirement, viz. that the strain vanishes for At = 1 = i.
It is clear that a linear stress-strain relation in one measure will be non-linear in every other and the desire for linearity is often one of the motives behind the introduction of one or the other of the measures mentioned, our enumeration being far from complete. where the F are functions of the three invariants E, IIE and IIIE of the strain-, and the f functions of the three invariants IT, IIT and IIIT of the stresstensor. Prager has recently derived equations built up in a manner similar to (4. 4) and (4. 5), but subject to specializations due to certain simplifying assumptions. Our equations are general and express nothing more than that both stress and strain are tensors of rank two, the principal axes of which coincide; and that the functions F and a are scalars. We may call a material in such a state isotropic.
However, we also require that in the ground-position, when the stress is removed, the strain should also vanish, and vice versa. Therefore will appear a number of parameters, which are the elastic " constants " of the material. The F and a may, of course, themselves be constants; in special cases some of them may vanish, in other cases they may not be independent;
and this would reduce their number from five to less.
The F and 5 can be given physical interpretations only when a definite measure of strain is assumed and we shall examine what consequences the adoption of any such measure may have.
5. Before dealing with the problem in a general way, it will be useful to examine the special case of simple shear dealt with by Love in Art. 37. E E2 E2 -E3 E3-E1 Equation (6. 4) has been proposed by Weissenberg (1947) as a law of elasticity. As has, however, been shown here, it is not general enough and is not independent of the measure of strain. For instance, should experiments show that simple shear is accompanied by a tension in the direction of displacement, the Murinaghan measure could not be used. On the other hand, should experimeits show that it is accompanied by compression in the direction of the gradient of the displacement, the Kirchhoff measure could not be used.
In the form of Equation (5. 4) the law of elasticity is independent of the measure and does not prejudice the outcome of experiment.
7. Consicleriiig that, by including the modulus P2 (or the coefficient 52), we are independenit of -the measure of strain, we may for our further investigation assume aiiy imieasure. We shall select the Hlencky-measure for two reasons:
(i) Because of e l-nAi, = XA/A,. Denoting by ei the principal " velocity-extension" of hydrodynamics, we accordingly get es e, provided the principal axes do not rotate. Therefore in pure strain, in the Hlenckymeasure, to use Murnaghan's words "the variation of the strain tensor (is equal) to the space derivative of the virtual displacement vector." This is of advantage, especially if we consider that it may be possible in many cases to arrange " the removal of the external forces " (compare 2 and 3 above) in such a way that the axes do not rotate and the strain is acordingly pure.
(ii) Secondly, from (1.1) V/vo l * A2X3, there follows (7. 2) eV=-n(V/Vo) lnX1 + InA2 + InX3 E1 + C2 + C3 le Therefore, in the Hlencky measure, and only in that measure, the cubical dilation is equal to the first invariant of the strain tensor.6 Accordingly, only in this measure has the resolution of the tensor in an isotropic and a deviatoric component physical significance. of which ji is a generalized shear modulus or modulus of rigidity. 8, the modulus of dilatancy, will measure a hydrostatic tension necessary to maintain simple shear; and a, a modulus of cross-elasticity, measures a stress produced by simple shear, in the direction normal to its plane. p -kc, + 4IIe -( 9A/2 ) III'e (8. 27) T'_r -2,kE'Sr -6ca(E 4E'. + 2II ', where p is the hydrostatic pressure and E, the cubical dilatation, E'8r the deviator of strain and T',r the deviator of stress, k, X, /3, t, a: moduli of elasticity and k', S', /3', iv', a' coefficients of elasticity. These are generally functions of all three invariants of stress and strain respectively, but may also degenerate to constants. A hydrostatic tension will cause a cubical dilation and vice versa; but a cubical dilatation may also be caused in the absence of a hydrostatic tension by either simple shearing stress or traction. Likewise, a hydrostatic pressure may be required to maintain simple shear or a volumeconstant simple extensioni. Finally, a simple shearing stress may not only produce a corresponding shearing strain, but also " sideways " a volumeconstant extension. Likewise simple shear may require for its maintenance not only a corresponding shearing stress but also " sideways " a traction. The general elastic body has accordingly three additional properties absent in classical elasticity, namely dilatancy of two kinds, (shear-and tractional dilatancy) and cross-elasticity. It is not so much the property of dilatancy predicted by Kelvin as early as 1875 and observed as a permanent set by Reynolds as early as 1885, which is challenging, but the cross-elasticity, which is connected with the functions 52 and F2 respectively. We, therefore, consider this property again from a different aspect.
9. Let n be the normal to an element of interface in the interior or of surface on the boundary of the body under consideration. Let the traction Tn be resolved into three orthogonal components Tnq where q runs through n, t and c; t being the direction parallel to the face and c the direction crosswise to n and t, so that (9 1) Tnc 0.
Let En be resolved in the same directions. We find, then, from the second of (8.4) (9. 2) Efc = J2TTraTrac the term following within brackets disap (9. 3) T = To T To Tannn nc + nt tc + T-necc.
As (9. 2) is not affected by an isotropic stress component, T'n0 vanishes also and this reduces (9. 3) to (9. 4) T'naTrac =Tnty"tc Now on the right side of (9. 4) T,tn does not vanish, by definition; and if one imagines in the standard cube which defines T etc., x, y, z replaced by n, t, c, it is clear that T't, will, in general, not vanish. Therefore E'nc is finite.
This brings out very strikingly a consequence of the existence of 5?2 and supports the designation "cross-elasticity." We have, however, shown that 52 (or F2) can generally not be omitted without prejudicing experimental results.
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